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The small spermatozoid nucleus is unique in that 23 it contains a haploid genome and the DNA is 24 associated to protamines, small highly basic proteins 25 rich in Arg and Cys (Ward & Coffey, 1991) . The 26 protamine-DNA complex is highly condensed due 27 to protamine-protamine disulfide bonds (Eddy, 1988; 28 Yanagimachi, 1988) . Once inside the egg, the sperm 29 chromatin decondenses in order to share its genetic 30 information (Bezanehtak & Swan, 1999 pig spermatozoa the nuclear matrix contains actin, 34 myosin, spectrin and cytokeratin (Ocampo et al., 35 2005 ). In addition, the heparin-mediated nuclear 36 decondensation is retarded by either phalloidin (which 37 stabilizes F-actin) or by 2,3-butanedione monoxime (a 38 myosin ATPase inhibitor); these data again suggest that 39 there is an active actin/myosin system in sperm nuclei 40 (Ocampo et al., 2005) . Other proteins that have been 41 reported to participate in a motile actin/myosin system 42 are the myosin light chain kinase (MLCK), calcineurin 43 and actin (Pujol et al., 1993) . 44 Calmodulin (CaM) (17 kDa) is widely distributed 45 in nature (Stevens, 1982) ; its 148 aa sequence and 46 its four Ca 2+ -binding sites are highly conserved 47 (Tomlinson et al., 1984) . CaM controls a large number 48 of processes, such as fertilization, contraction, motility, 49 secretion, neurotransmission and metabolism (Stevens, 50 1982 terminal (Vetter & Leclerc, 2003 (Adelstein, 1980 (Levinson et al., 2004) . 58 In mammalian spermatozoa, CaM has been detected 59 in the acrosomal and post/acrosomal regions and 60 in the flagellum (Jones et al., 1980) , together with 61 several CaM binding proteins (Noland et al., 1985) .
62
In guinea pig spermatozoa CaM was observed in 63 the acrosomal and equatorial regions and along the 64 flagellum; also, CaM migrates to the post acrosomal 65 region in acrosome-reacted (AR) spermatozoa (Trejo & 66 Mújica, 1990; Moreno-Fierros et al., 1992) . CaM was also 67 found in the sperm plasma membrane, in perinuclear 68 material and in the free vesicles formed during AR 69 (Hernández et al., 1994 (Pérez et al., 1994; Pastén-Hidalgo et al., 2008 column (Dedman et al., 1978) . The antibody titer 135 was determined by enzyme-linked immunoabsorbent 136 assay (ELISA). These antibodies have been tested (Trejo 137 & Mújica, 1990; Hernández et al., 1994) . Antibodies 138 against myosin were produced in rabbit using pure 139 guinea pig skeletal muscle myosin (Margossian & 140 Lowey, 1982) Tris, 192 mM glycine, 20% methanol (Hincke, 1988) .
226
Nitrocellulose membranes were immunostained as 227 previously described (Moreno-Fierros et al., 1992) . for 5 min (Laemmli, 1970 reported by others (Berruti et al., 1985) . these antibodies detected a 17 kDa protein (Fig. 1A) .
436
CaM was detected in whole nuclei (Fig.1A, lane 1 (Fig. 1D, a) . CaM was observed in whole (Fig. 1D, b) . The negative controls were: (1) 464 samples in which the primary antibody was omitted 465 (Fig. 1E, a) , no fluorescence was observed; phase 466 contrast image (Fig. 1E, b) ; (2) the primary antibody Nuclear matrices were subjected to immunogold 472 staining using a polyclonal anti-CaM antibody. Heavy 473 labelling of the nuclear matrix was observed ( Fig. 2A ).
474
The negative control was a sample in which the primary 475 antibody was omitted and showed severe reduction of the gold label (Fig. 2B) (Fig. 3A, a) . In optical sections, the same fluorescence 485 image was observed (Fig. 3A, b) . MLC was also 486 detected by indirect immunofluorescence and confocal 487 microscopy ( Fig. 3B, a) . The image exhibits granulated 488 fluorescence throughout the nucleus. In optical 489 sections, the same granulated fluorescence was 490 observed (Fig. 3B, b) . In negative controls, in which 491 the primary antibody was omitted or incubated with 492 preimmune serum instead of the primary antibody, 493 no fluorescence was observed (Fig. 3C, a) ; we also 494 include phase contrast image of the same sample 495 (Fig. 3C, b) .
496
The presence of MLC in DTT/CTAB nuclei was 497 confirmed by western blotting (Fig. 3D, lane 2 for MLC (Wagner, 1982) . In a negative control in 504 which the primary antibody was omitted, no bands 505 were detected ( myosin (Ocampo et al., 2005) . The interaction between 514 these proteins would be a strong indication that they 515 play a physiologic role in nuclei. To test this hypothesis, 516 an SDS-extract from nuclear matrices was treated 517 with an anti-myosin antibody plus protein A agarose.
518
The immunoprecipitate was subjected to 519 transferred to a nitrocellulose membrane and analysed was observed to become stable at 240 s (Fig. 5, ) .
547
Calmidazolium inhibited decondensation completely 548 (Fig. 5, ) . Decondensation was evaluated at 60 up 549 to 240 s after heparin addition measuring the area 550 ( (Fig. 6) . Thus, it seems that 8 Zepeda-Bastida et al. which increased up to 2 h and then remained constant 595 (Fig. 7, ) . Calmidazolium inhibited decondensation 596 (Fig. 7, ) . (Adelstein, 1980; Sellers, 2000) . The MLCK-mediated 619 Figure 6 Number of DTT/CTAB sperm nuclei remaining after heparin treatment in the presence and in the absence of calmodulin antagonists. Three independent experiments were performed. Data are the means from samples fixed at 4 and 10 min of heparin treatment. * p < 0.001 vs sample without heparin. * * p < 0.001 vs Tris/heparin or DMSO/heparin. CDZ, calmidazolium.
Figure 7
Rate of Xenopus laevis egg-extract-mediated nuclei decondensation in the presence and in the absence of the calmodulin antagonist calmidazolium (10 μM). Reaction mixture as in Table 2 . Aliquots were taken at the times indicated in the figure. Nuclear decondensation was evaluated up to 240 min of treatment. From 10 min onwards X. laevis egg-extract promoted significant ( * p < 0.001) nuclei decondensation.
•Without egg extract, egg extracts and egg extract/calmidazolium. MLC phosphorylation produces a conformational 620 change in the actin/myosin complex, which in turn 621 causes contraction (Stull et al., 1993) .
622
In non-muscle cells, actin/myosin complexes are 623 involved in processes such as cytokinesis and 624 migration . In the nuclei of 625 different cell types, CaM is involved in a number of 626 functions such as DNA replication and repair (Vendrell 627 et al., 1991) . The presence of CaM-binding proteins in 628 the nucleus of neural cells has been observed (Pujol 629 et al., 1993) . Also, in rat-hepatocyte nuclei, proteins (Bachs et al., 1990) . (Table 1   655 and Fig. 5) ; and (b) X. laevis egg extracts (Table 2   656 and Fig. 7) . Heparin has been suggested to 657 promote decondensation by competing with DNA 658 for protamines (Bertanzon et al., 1981) . Egg extracts 659 have been reported to cause nuclei decondensation, 660 probably mimicking the physiological process with 661 more accuracy (Lohka & Masaui, 1983 
